Interstitial cell tumors from nine stallions were described. In all but one horse the tumors were found in undescended testes. Five animals had bilateral tumors. Two animals showed increased aggression. Tumors contained two cell types. The first type were large distinctly bordered eosinophilic cells interpreted to be hyperplastic and hypertrophic interstitial cells. They blended with pleomorphic often spindloid neoplastic cells which had fibrillar, vacuolated cytoplasm and indistinct cell borders. This latter cell population was arranged in nodules or broad sheets as endocrine-like packets or interweaving fascicles. Biologic behavior of the neoplasms could not be ascertained from histologic examination.
Equine testicular tumors are rarely reported.lO While this may partly reflect a low incidence of such tumors in the stallion, it is more likely due to the practice of castrating horses when they are young. In horses castrated when older, testes are infrequently examined and thus small neoplasms which do not distort the testicular tunics may be overlooked.
The space between seminiferous tubules contains, in addition to nerves, blood vessels and lymphatic vessels, the interstitial cells (Leydig cells). There is some species variation as to the number of interstitial cells in these spaces. In the stallion, these spaces are almost completely filled by interstitial cells. l 4 Interstitial cells develop in the fetus after the seminiferous cords and are a specialization of stromal mesenchymal cells. The interstitial cells are responsible for sex-steroidogenesis and are responsive to pituitary hormones. l4 Tumors of the interstitial cells have only been anecdotally reported in horses and mules,1J0J2 most re-cently in 1954. 16 We report here data from nine stallions with testicular interstitial cell tumors.
Materials and Methods
From the archives of the International Registry of Reproductive Pathology at the University of Illinois, case records and histologic material from horses with testicular tumors were reviewed. The collection consists of 38 equine testicular tumors. In addition to interstitial cell tumors, there are 13 teratomas, 11 seminomas, two lipomas, two tumors of the rete testis, and one mast cell tumor in the collection.
Results
Nine horses had interstitial cell tumors (Table 1) . Three were Morgans. The mean age of the eight horses in which age was known was 8.1 years with a range of 3 to 20 years. All but two stallions were either unilaterally or bilaterally cryptorchid. One of the remaining two animals was a "high-flanker," with the testes held close to the abdomen. In five horses the interstitial cell tumors were bilateral. Four of these animals were bilaterally cryptorchid. Abnormal, aggressive behavior was noted in two stallions. On cut section, all neoplastic testes had multifocal indistinctly bordered nodules varying in diameter from 1 mm to 2 cm. They were firm, gray, and irregularly shaped.
Testicular tissue from all nine stallions had a similar histologic appearance. In affected testes, seminiferous tubules were degenerate and lined by a single layer of sustentacular (Sertoli) cells. In some specimens, normal tissue architecture had been effaced by the neoplastic masses. Abundant fibrous tissue, much of it collageneous, was present in the interstitiurn in those parts of the testes free of tumor. Connective tissue septa also dissected between sheets of neoplastic cells.
Interstitial cells were found in nodular accumulations to broad sheets and were indistinctly delineated from surrounding parenchyma even though some growths were fairly discrete ( Fig. 1 ). Cytomorphology within neoplastic accumulations was quite variable. Large mature interstitial cells with abundant brightly eosinophilic, distinctly bordered cytoplasm were present in many tumors. These cells had large vesicular nuclei and scattered cytoplasmic vacuolation. Many cells contained golden-brown cytoplasmic pigment which stained positively for lipid with scarlet red. Binucleate and multinucleate cells were present in this cell population. Cell size was quite variable but all cells were large. Admixed with these hypertrophic and hyperplastic interstitial cells, or found as a pure population, was a second cell type. These latter cells were irregularly round to spindloid, had indistinctly bordered fibrillar, finely vacuolated amphophilic cytoplasm, and irregularly round to elongate vesicular nuclei. Multinucleate cells (Fig. 2) and occasional bizarre nuclei were seen. Some tumors had two to three mitoses per high power field. These cells were found either in tightly packed sheets divided into small endocrine type packets by delicate septae (Fig. 3) or as interweaving fascicles somewhat reminiscent of a fibroma or fibrosarcoma (Fig. 4) . The hypertrophic and neoplastic cell types often blended together (Fig. 5 ).
Inflammatory cells, especially lymphocytes, were present in many masses, often in small perivascular nodules. Contralateral testes of animals with unilateral tumors, when examined, were histologically normal.
Discussion
All but one of our series of nine equine interstitial cell tumors were in undescended testes. This finding is consistent with the experimental production of these neoplasms in rodents. In some strains of rodents, heating the testes (surgical creation of cryptorchids) results in increased development of interstitial cell tumors. The enzymatic changes which occur in these heated interstitial cells are similar to those produced by exogeneous estrogen administration in mice. Estrogen results in a reduction of enzymes which convert progesterone to testosterone and induces DNA synthesis in interstitial cells. In these cases, hypophyseal mediation is not required although in rats pituitary hormones can induce tumor formation. 6 In the normal testes, the seminiferous tubules exert local control over the interstitial cells. Heat damage to the intratubular compartment of seminiferous tubules, such as that which occurs in cryptorchidism, results in hyperplasia of adjacent interstitial cells with loss of luteinizing hormone receptors and hyperresponsive testosterone response to human chorionic gonadotropin in the affected but not contralateral testes. 13 It is not known if the mechanism by which this occurs is due to a lack of a controlling influence on interstitial cells by a nonfunctioning seminiferous tubule or whether damaged tubules produce an interstitial cell growth stimulator. In equine cryptorchid testes it is possible that the destruction of seminiferous epithelium alters the local regulating environment of the interstitial cells leading in some cases to hyperplasia and finally neoplasia. This differs from the situation in the dog in which interstitial cell tumors are not commonly found in retained testes.'~~ Thus the mechanisms by which interstitial cell proliferations occur are most likely 
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multifactorial and vary among species. This is not unexpected since there are well-known differences among species in interstitial cell structure and fun~tion.~ It is often a fine distinction between interstitial cell hyperplasia and benign neoplasia. In our series of interstitial cell tumors both hyperplasia and neoplasia were present. Hyperplastic cells had abundant eosinophilic cytoplasm and discrete cell borders. Neoplastic cells were more pleomorphic and often spindloid and had fibrillar, finely vacuolated cytoplasm. Often, hyperplastic cells blended with neoplastic cell populations. In all cases, proliferating cells displaced seminiferous tubules fulfilling some author's criteria for interstitial cell neoplasia.l* Biologic behavior could not be ascertained from the histologic appearance of our series of neoplasms. Histologic evidence of vascular invasion or disruption of tunics was not seen. In men, tumor behavior is based on evidence of metastasis, not stru~ture.'~ Follow-up clinical or pathologic data are not available in the current study. Syncytia, seen in hyperplastic and neoplastic equine interstitial cells in this study, are common in both benign and malignant tumors of men.9 More useful criteria for malignancy in men include large numbers of mitotic figures, bizarre nuclear forms, and lymphatic and/or vascular inva~ion.~ In dogs,s as in men,5 metastatic interstitial cell tumors are rare.
Two stallions in our series behaved aggressively which, in the single case available for clinical followup, abated upon castration. This suggests, that in some equine interstitial cell tumors, abnormal sex steroidogenesis may occur. In men, interstitial cell tumors are associated with measurable hormonal dysfunction, either androgenic or e~trogenic.~J~ Such an association is suspected but not proven for the dog.2 In estrogen induced interstitial cell tumors in mice, tumors are composed of a heterogeneous population of hormoneproducing cells.3 Interstitial cell tumors in men have also produced a marker enzyme, alkaline pho~phatase,~ and nonmetastatic transplantable interstitial cell tumors in the Fischer rat may be associated with hypercalcemia and hypercalcuria through the activation of osteoclasts by unknown humoral factors."
In summary, interstitial cell tumors may occur more frequently in horses than published reports indicate. In this study, nine of 38 stallions with testicular neoplasms had interstitial cell tumors. Identification of such masses is dependent on careful gross and histologic examination of testes removed from stallions, especially those with retained testes and testes from horses with behavioral changes.
